pressure artificially maintaining "almost" equilibrium with a high concentration of volatiles in the melt. In the case of larger bubbles, "accelerating growth" may be a more appropriate term, since surface tension becomes relatively small, but viscous resistance to growth becomes important, as suggested by Sparks. However, as he indicates, the accelerating growth phase is observed at lower viscosities than expected. We have considered his suggestion that the initially small surface area inhibits the transfer of gas from the melt into the bubble and appreciate his drawing attention to this potentially important effect. This effect was built in to our model formulation, but we did not explore the implications of this in our paper. In response to Sparks' suggestion, we have run test cases for small bubbles with and without the effects of viscosity and surface tension to determine the role of the artificially small bubble size relative to oversaturation pressure. We use a different criterion for viscosity than does Sparks because of the finite melt volume between bubbles. His 4p(dr/dt)/r is valid for a single bubble in an infinite melt.
We used 4p(dr/dt)(1/r -r21s 3) which reduces to Sparks' criterion for infinite s (s is separation distance of adjacent bubbles).
The results of our first test with basalt indicate that there is no discernable difference in the early growth history for bubbles with radius differences of a factor of 2 (surface area factor of 4). It is important here to distinguish growth of radius from growth of surface area and growth of volume, as well as to recognize the measure of growth. We have plotted only radial growth in our paper. If volumetric growth were plotted, the "classic" curves would appear quite different. (We mention this here, although it is clear that Sparks did not misunderstand our plots.) The measure of growth we have used is an absolute scale (in meters) rather than a percentage of initial size. This allows direct intercomparisons of model results.
For very small (near critical) initial bubble size, the surface area effect could be inferred to be important if the results for large and small viscosity and surface tension show similar growth curves. As can be seen in Figure 1 , the curve for low (near zero) viscosity and low surface tension begins its growth much earlier than the one for geologically reasonable viscosity and surface tension with the same geometry.
Furthermore, in additional model runs (not illustrated) we found that the difference in growth rate between the two cases is greater for higher diffusivity. This suggests that viscosity more severely inhibits bubble growth when the growth rate is higher (larger diffusivity). We also found that for low values of viscosity and surface tension, there is no time delay (no accelerating growth phase) for any trial value of diffusivity (Figure 2 As a result of these additional investigations as suggested by Sparks, we must conclude that small surface area is not a growth-limiting factor, even for critically small bubbles in the range of parameters used for rhyolite (or basalt) where surface tension pressure and/or viscosity is large. It should be noted that the conditions used in this test are not realistic for most natural systems (in which instantaneous external decompression is not achieved), but the results do illuminate an important process in early bubble growth. We anticipate that the results of our continuing study will lead to more realistic interpretations than possible at present.
In 10 -3 Pa s; diffusivity, 10 -11 m2/s; surface tension, 10 '6 J/m 2.
Sparks raises an interesting point regarding the effect of diffusivity on bubble growth. He is correct in his understanding of the effect of viscosity on bubble growth. In Figure 16 of Proussevitch et al. [1993] , the slopes of the various curves appear similar as a result of the log scale on the time axis. Higher diffusivity causes proportionally greater growth rate. As correctly indicated by Sparks, viscosity does not become important until higher viscosities than used in Figures 15 or 16 (as indicated in our Figure 13) . The higher nonlinear growth rate for higher diffusivities in Figure 15 actually arises from the effect of the rapid rate of radius increase creating an elevated volatile concentration gradient in the melt in the vicinity of the bubble wall. This is a positive feedback which was accounted for in our model, but which we did not discuss in detail. Sparks questions the convergence of the model results for small bubble sizes. Indeed this is an important concern which we did not discuss in our paper. In our convergence tests, we found convergence of model results for arbitrarily small bubble sizes. This was planned for in the original model formulation because of concerns of singularities in the concentration gradient near and at the bubble wall. This required an exponential gridding scheme which resulted in convergence for the smallest bubbles modelled. For bubbles with 0.02 pm initial radius, we varied the grid spacing parameters by 2 orders of magnitude to degrade resolution below that used in our published model runs. The resulting curves were completely overlapping, so we did not include an illistration of this.
